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The  establishment of  the  fact  that  dissemination of  Treponema 
paUidum in the rabbit occurs after local inoculation has for the most 
part rested upon the evidence of the development of syphilitic lesions 
remote from the site of the primary lesion and upon occasional demon- 
strations of spirochetes in certain tissues, such as the spleen, blood, 
bone marrow, and lymph nodes.  Our experience of the frequency of 
generalized lesions following inoculation of testicle  or  scrotum has 
differed from that of most workers on experimental syphilis, and in addi- 
tion we have shown that it is possible to produce generalized lesions 
with great regularity by simple technical procedures either at the time 
of infection or shortly thereafter so that under certain conditions at 
least, dissemination of Treponema pallidum is known to have occurred 
in every animal infected (1).  The mechanism of the process, however, 
is  still undetermined, and before the question of a generalized infec- 
tion can be put upon a logical basis, it is necessary that such essential 
facts as the time, frequency, and extent of dissemination under the 
usual conditions of inoculation procedure together with the localization 
and extent of the infection should be obtained.  Among the possible 
modes or paths of dissemination  which might be assumed to participate 
in the process of generalization, are the lymphatic and blood systems, 
and both are easily accessible to experimental investigation, as indi- 
cated in a  preliminary communication (2). 
Among the generalized manifestations of experimental syphilis in 
the rabbit,  enlargement and induration of various lymph nodes are 
commonly observed.  The  superficial nodes which most frequently 
show various degrees of involvement after the usual scrotal or sheath 
inoculation are  the inguinals,  and  similar  changes  are  seen in  the 
sacral  retroperitoneal  glands  following testicular  inoculations.  In- 
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volvement of other nodes such as the flank, axillary, auricular, cer- 
vical, and submental glands has also been observed in certain animals, 
and apparently some abnormality of the popliteals is a constant feature 
of the infection irrespective of the site of inoculation. 
Such changes as take place, however, might logically be expected 
to appear first in the lymph nodes draining the area of the primary 
reaction if dissemination of spirochetes from a local focus of inocula- 
tion  regularly occurs by way of the lymphatics,  and  consequently 
the problem was first approached by a series of experiments designed 
to show the presence or absence of Treponema  pallidum  in the inguinal 
lymph nodes of rabbits inoculated in the scrotum. 
The studies of the part played by the blood stream in the process 
of dissemination of Treponema pallidum are reserved for a later pub- 
]{cation, but it should be stated here that before it could be concluded 
that organisms were localized in lymphatic tissue,  it was necessary 
to exclude the blood as a possible source of spirochetes.  During the 
early stages of the infection, this  could be done only upon the basis 
of  relative  infectivity.  Later,  however,  blood  inoculations  were 
uniformly negative.  It is  obvious,  moreover, that  a  blood  stream 
infection must be ruled out before one can conclude that spirochetes 
are localized in any other tissue, as for instance in the spleen or bone 
marrow. 
EXPF.I~ ~NTAL. 
The inguinal lymph nodes of normal rabbits are small, flattened or 
ovoid masses which are barely visible or palpable and are frequently 
imbedded in  relatively large pads  of fat which renders them more 
d{mcult of detection.  Gross  changes in  the nodes  are  usually de- 
tected within 4  or 5  days after scrotal inoculation and consist in a 
slight enlargement together with an increased resistance or tension.  1 
As the process continues, the glands rapidly become indurated  and 
many times  their  normal size, and, in  our  experience, show  some 
degree of abnormality as long as an active syph~Htic process exists in 
the scrotum. 
1  This was the condition at the time these experiments were carried out.  Sub- 
sequenfly, however, definite alterations of the nodes have frequently occurred 
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The demonstration of Treponema pallidum in lymph nodes may be 
accomplished by two methods--dark-field examination of fluid aspi- 
rated from the node or by animal inoculation.  Direct aspiration of 
lymph nodes in situ by means of a  syringe is  a  difficult procedure, 
particularly in  the  early involvement of  the  nodes,  and  the fluid 
obtained is  often contaminated with  blood.  Moreover, as  will  be 
pointed out later, such a procedure may necessitate the examination 
of many preparations, and, therefore, we had recourse to the second 
and more satisfactory method which consisted in the removal of an 
inguinal node under ether anesthesia, the making of a node emulsion 
with salt solution, and the injection of this emulsion into the testicles 
of normal rabbits. 
The extirpated lymph node is first minced with fine scissors  and 
then ground in a sterile mortar with a small quantity of sterile normal 
salt solution.  In most of our experiments we used a total quantity 
of 1.5  cc.  of saline solution and were able to recover 1.2  cc. of the 
emulsion; 0.6 co. was then injected into  one  testicle of each of two 
normal rabbits by means of a Founder tuberculin syringe and a No. 22 
gauge Luer needle.  The subinoculated rabbits were closely followed 
during an  observation period  of 2  months for the development of 
syphilitic lesions.  The organisms used in these experiments were the 
Zinsser and the Nichols strains  of Treponcma pallidum which have 
been maintained in rabbits for periods of 7 to 8 years. 
Res~lts. 
The Frequency and Time of Inguinal Lymph Node Involvement. 
Our preliminary experiments were concerned with the demonstra- 
tion of the presence of Treponema pallidum in the inguinal lymph 
nodes of a  few rabbits  with large actively growing chancres.  The 
results of the individual experiments are grouped together, and, as 
may be seen in Table I, the interval of time after scrotal inoculation 
at which the six experiments were carried out was progressively short- 
ened from 61 to 16 days.  The chancres were all well developed, while 
the  inguinal  glands  were many times  normal  size,  and  markedly 
indurated.  One gland was excised from each rabbit.  Although spiro- 
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a  syphilitic  orchitis  developed  in  all  the  subinoculated  rabbits  in 
from 15 to 41  days as a  result of the testicular injection of the lym- 
phatic  gland  emulsion,  showing  that  there  had  been an actual  dis- 
TABLE  I. 
Demonstration of Treponema pallidum in the Inguinal  Lymph Nodes 61 to 16 Days 
after Scrotal Inoculation. 
No.  of rabbiti 
with chancre 
implant. 
A 
B 
C 
D 
E 
Interval be- 
ween  scrota] 
inoculation 
and excision 
of inguinal 
lymph node. 
days 
61 
49 
35 
35 
18 
F  16  " 
Total..6 
Examlna~on of 
inguinal 
node emulsionfor 
spirochetes. 
Negative. 
Positive. 
Negative. 
[ 
Rabbit inoculated with 
lymph node emulsion. 
No. 
1 
7 
8 
Testicle. 
Right. 
Left. 
Right. 
Left. 
Right. 
Left. 
Right. 
Left. 
Right. 
Left. 
Right. 
Left. 
Right. 
Left. 
Right. 
Left. 
Result  of 
inoculation. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Incubation 
period 
of orchids. 
days 
41 
Exact  time 
not known, 
15 
33 
33 
33 
27 
28 
26 
28 
34 
34 
26 
28 
+  indicates infection. 
In the preliminary experiments,  one rabbit was used for each gland emulsion 
and both testicles were inoculated, but later, the precaution of using two rabbits 
was adopted.  In the majority of experiments,  one testicle only was inoculated. 
semination  of  spirochetes  in  each  instance  from  the  local  focus  of 
infection in the  scrotum. 
Our  next  experiment was  planned  to  determine  the  incidence  of 
infection of the inguinal nodes 7 days after scrotal  inoculation, when LOUISE PEA]ICE AND WADE H. BROWN  43 
enlargement and increased resistance of the nodes are found in prac- 
ticaUy every instance, although the specific reaction about the implant 
is  usually just beginning.  The results of the  experiment  are  shown 
in Table II. 
TABLE  II. 
DemonstraHon  of Treponeme pallidum in the Inguinal Lympk Nodes 7 Days after 
Scrotal Inoculation. 
No. of rabbit 
with 
chancre implant. 
G 
H 
K 
Rabbit inoculated with lymph node emulsion. 
no.  I 
9  I 
10 
11" 
12" 
13" 
14" 
1.5 
16 
Testicle. 
Right. 
Left. 
Right. 
Left. 
Right. 
C4 
~g 
Accidental death. 
Spirochetes +; no inoculation. 
Result of 
inoculstion. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Incubation 
of period 
orchitis. 
days 
28 
28 
28 
28 
35 
33 
35 
35 
30 
L  "  W; "  " 
Total... 6  Average_3 
* Animals of poor quality with very small testides. 
+  indicates infection. 
A series of six rabbits was operated upon and one of the inguinal  glands re- 
moved.  Dark-field  examination  of the gland emulsions showed actively motile 
spirochetes  in two instances  and no subinoculations  were made from these;  the 
remaining  four emulsions were injected  into the testicles of eight normal rabbits. 
The  injection  of  one emulsion into both testicles of two rabbits resulted  in an 
acute  orchitis  which developed  simultaneously  in 28 days in the four testicles, 
while  the  remaining  three  emulsions were injected  into one testicle  each of six 
rabbits.  There was one accidental  death soon after inoculation, but in  the sur- 
viving five animals,  a  syphilitic  orchitis  developed  in from 30 to 35  days and 
progressed  actively in the usual fashion. 44  LYMPHOID  TISSUES IN EXP~.]~rMF.NTAL SYPHILIS 
The  consistently  positive  results  of  this  experiment  were  most 
striking in that all six animals examined 7 days after scrotal inocula- 
tion were found to have infected inguinal glands in spite of the fact 
that a  specific reaction about the scrotal implant could scarcely be 
detected. 
In the next experiment, the interval of time between scrotal inocu- 
lation and extirpation of the inguinal node was shortened to 5  days 
(Table  III). 
The saline emulsions of ten inguinal glands were injected into the testicles of 
eighteen normal rabbits; in two instances, one subinoculation was made, but in 
eight, two rabbits were used.  One bilateral  inoculation was made.  Spirochetes 
were  not found by dark-field  examination  in any of the gland emulsions.  A 
syphilitic  orchitis,  however, developed in seventeen of the eighteen test rabbits 
with an average incubation period of 30 days; in two instances, the orchitis was 
detected 25 days and in five instances,  28 days after inoculation.  In sixteen of 
the eighteen rabbits,  the reaction was of a relatively rapid progressive type, while 
in one rabbit with very small atrophic  testicles, it was not particularly active 
and tended toward a localized area of induration.  The orchitis which resulted 
from the single bilateral inoculation in the experiment developed in 33 days in 
one testicle and 39 days in the other,  which was the longest incubation period 
in the series.  In one animal a progressive orchitis failed to develop during the 
observation period of 8 weeks, and it is possible that this was an instance of an 
atrophic  orchitis;  the  companion  rabbit,  however,  inoculated  with  the  same 
material, showed the usual reaction with an incubation period of 34 days. 
The results of this experiment coincide to a remarkable degree with 
those obtained in the previous series and demonstrate in a considerable 
number of animals that the inguinal lymph nodes of rabbits inocu- 
lated in the scrotum only 5  days previously and at a  time when no 
specific  reaction  about  the  implant  was  observed  were  constantly 
infective.  In  addition,  although no  spirochetes  were  demonstrated 
in the lymph gland emulsion by dark-field examination, the material 
was  sufficiently potent to produce  an  actively developing syphilitic 
orchids with an average incubation period of 30 days. 
Finally, a  similar experiment was undertaken 2  days after scrotal 
implantation  when  no  gross  alteration  of  the  inguinal  nodes  was 
detected by palpation or by inspection, since the previous experiments 
had shown that enlargement and tenseness of the nodes, 5 and 7 days 
after  scrotal  inoculation,  were  constantly associated  with the  pres- 
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TABLE  I1T. 
Deraonsgra~ion of Treponenm pallidum in ttte Inguinal Lyrapk Nodes 5 Days afro' 
Scrotal Inocul~ion. 
No. of rabbit with chancre  No. of rabbit inoculated  with  Result of inoculation.*  Incubation period of 
orchitis.  implant,  lymph node emulsion. 
M 
N 
0 
P 
Q 
R 
T 
U 
V 
Total  .... 10 
17 
18 
19 
207 
21 
22 
23~ 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
18 
+ 
+ 
+ 
? 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
d~cys 
33 
30 
28 
? 
34 
33 
33 and 39 
28 
2$ 
33 
33 
25 
33 
29 
28 
28 
30 
28 
Average  ........ 
* Right testicle inoculated. 
t Rabbit 20 was an old animal with small testicles, and the reaction was of 
the atrophic type. 
:~ Rabbit 23  was  inoculated into both testicles with positive results in 33 and 
39 days. 
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One  inguinal node was  excised from  seven  rabbits,  five of which  had  been 
inoculated 2 days previously with the usual tissue implant and two with a testicu- 
lar emulsion injected into the scrotum.  Salt solution emulsions of the nodes were 
made as in the previous experiments and injected into the right testicle of twelve 
normal rabbits as shown in Table IV.  Although no spirochetes were found in 
TABLE  IV. 
Demonstration of Treponema pallidum in the Inguinal Lympk Nodes g Days after 
Scrotal Inoculation. 
No.  of rabbit  with  chancre 
implant. 
W 
X 
Y 
AA 
No.  of rabbit  inoculated 
with 
lymph  node  emulsion, 
35 
36 
37 
3St 
39t 
40 
41 
42 
43 
44 
45 
46 
Result of inocu]atlon.* 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Incubation period of 
orchitLq. 
dc~ys 
28 
3O 
28 
38 
36 
29 
29 
29 
29 
30 
33 
CC-~  33 
Total. ..........  7  [  12  Average  ........  31 
i 
* Right testicle inoculated. 
t  Rabbits 38 and 39 were old animals with atrophic testicles which probably 
accounts in part at least for the longer incubation time of the orchitis. 
:~ Rabbits BB  and  CC  were  inoculated by  a  scrotal injection of  an  orchitis 
emulsion instead of the usual tissue implant. 
+  indicates infection. 
any  of  the  emulsions  by  dark-field examination,  a  marked  syphilitic orchitis 
developed in all subinoculated rabbits with an average incubation time of 31 days. 
The inguinal glands which were removed from rabbits with tissue implants pro- 
duced an orchitis which was detected 28 and 29 days after inoculation, with the LOUISE PEARCE AND WADE H.  BROW!~  47 
exception of two old animals with atrophic and less reactive testides  in which 
the orchitis developed more slowly with incubation periods of 36 and 38 days. 
The orchitis produced by the injection of the lymph nodes obtained from the two 
rabbits inoculated with a tissue emulsion was slightly longer, developing in 30 
and 33 days, but obviously a much larger series would be necessary before any 
final comparisons could be made between the relative infectivity of the nodes 
resulting from the two types of scrotal inoculation. 
The outstanding features of  this experiment are first, the demon- 
stration  that  only 48  hours  after inoculation  of  the  scrotum,  the 
inguinal nodes contain active Treponema pallidum,  and second, that 
the treponemata were constantly present in the inguinal nodes at this 
time.  It  is  also  worthy of  comment that  although  no  spirochetes 
could be demonstrated in the inguinal gland emulsions by dark-field 
examination, the orchitis resulting from the injection of the emulsions 
was of an actively developing type with an average incubation period 
of 31 days, and in half the cases of 28 and 29 days. 
Time of Establishment of a Generalized Infection. 
The  previous  experiments  have  shown  that  active  treponemata 
capable  of producing a  rapidly progressive orchitis were constantly 
present in the inguinal lymphatic nodes of twenty-nine rabbits, 2 to 
61 days after scrotal inoculation. 
The question that next arose concerned the time of establishment 
of a  generalized infection,  since the inguinal  glands  are  so  rapidly 
infected after scrotai implantation although the development of the 
specific chancre reaction itself is  usually not  recognizable for some 
10  to  14  days  (3).  In reality it is  conceivable that many parts  of 
the animal body might be infected shortly after local inoculation and 
that they in turn might serve as other foci for further dissemination 
of the virus.  At any rate, we know that the inguinal nodes contain 
active treponemata as early as 2  days after scrotal  inoculation, but 
on the other hand, such  organisms might be chance invaders which 
had  been rapidly disseminated from the primary focus of infection 
and,  as  such,  would  be  incapable  of  independently sustaining  an 
infection.  Since there was no available information on these points, 
the following experiment was undertaken. 48  LYMPHOID  TISSU~S  I2q  EXPERIMENTAL  SYPHILIS 
A series of ten rabbits was inoculated with tissue implants in the fight scrotum 
only.  2  days later,  under  ether  anesthesia,  the  entire right  testicle with  the 
scrotum was excised, leaving only a narrow circular strip of the posterior scrotal 
skin with which to close the wound.  Healing took place promptly in each animal 
with no secondary infection.  At the time of operation, no difference in the two 
ing~inal lymph nodes could be made out by palpation and no specific reaction 
about  the implant had  occurred.  The  rabbits were kept under  careful obser- 
vation and the results of the experiments are shown in Table V.  40  days after 
operation, and 42  days after scrotal inoculation, a  definite syphilitic lesion was 
TABLE  V. 
Results Following Unilateral Amputation of the Right Scrotum and Castration of the 
Right Testicle, 2 Days after Inoculaffon of tlm Right Scrotum. 
Interval  Interval 
Develo~_ment  of between inocula-  Presence of  Lesions of  between inocula- 
s~phih'tlc  tlon and  popliteal  generalized syphilis,  tion and 
No. of rabbit,  lesmns in left  appearance of  lymphadenitis,  other  appearance of 
testicle,  testicular  than test/cular,  generalized 
lesions,  lesions. 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
4- 
4- 
4- 
4- 
+ 
4. 
+ 
4. 
4. 
4. 
days 
42 
42 
49t 
49t 
49t 
42 
42 
49t 
49t 
49~ 
4- 
4- 
4. 
4. 
4. 
4. 
4- 
4- 
4- 
4- 
Bone. 
Skin.* 
Bone. 
"  § slY. 
~¢ 
~t 
~t 
d~ys 
49 
42 
49 
45 
45 
49 
75 
56 
45 
45 
* Scrotal lesion. 
J- Suspicious orchitis---42 days. 
Orchitis of 3 or 4 days standing on the 49th day. 
§ Lesion, right tarsus. 
present in the left testicle or head of the epididymis in four rabbits and a suspicious 
lesion in  three others.  By  the end of the  7th week after inoculation, the left 
testicle of all ten rabbits was the seat of a progressive nodular orchitis.  In addi- 
tion, definite periosteal nodules of the nasal bones in four cases and a skin granu- 
loma on the outer side of the right .tarsus in one case were also found at the time; 
i.e., 45  days after inoculation.  Bone  lesions were found in four  other  rabbits 
4  days later and in another animal by the end of the 8th week, while the last 
rabbit in the group showed definite bone lesions 75 days after inoculation.  Other 
generalized manifestations consisting of  cutaneous  granulomata  were  observed 
in five rabbits during the 2 months succeeding the appearance of the first lesions. LOUISE PEAI~CE AND WADE  H. BROWN  49 
The right inguinal lymph nodes were definitely enlarged and resistant for some 
10 days after the operation and then became shot-like in character.  Both popliteal 
nodes  were likewise  persistently  enlarged and  indurated  in  each rabbit  of  the 
series,  this change being pronounced by the time of occurrence of the metastatic 
testicular lesions. 
The consistent results of this experiment demonstrate that 2 days 
after scrotal inoculation an active syphilitic infection is sufficiently 
established in the rabbit so that it is no longer dependent upon the 
focus of primary inoculation as a  source of spirochetes. 
Localization of Spirochetes in Lymph Nodes Other than the Ingulnals. 
Other superficial lymph structures such as the popliteal, cervical, 
submental,  auricular,  axillary,  and  flank  nodes  may  also  become 
enlarged and indurated during the course of syphilitic infection of the 
rabbit following local inoculation, but with the exception of regional 
lymph nodes in the drainage area of an active lesion, the popliteals 
show the most conspicuous and persistent abnormalities, of which a 
resistance or induration is usually the most marked feature.  In many 
instances, the popliteals may be the only nodes in which gross abnor- 
malities  are  detected.  In  order  to  demonstrate  the  presence  of 
Treponema pallidum in lymph nodes other than the inguinals which 
showed these clinical changes, a number of animal inoculation experi- 
ments were  carried  out,  of which the  following four examples are 
typical. 
Rabbit A.--Inoculated in the right testicle with an inguinal lymph node emul- 
sion.  A syphilitic orchitis developed and spirochetes were demonstrated in fluid 
aspirated  from  the  testicle  41  days  after  inoculation.  Both  popliteals  were 
enlarged and resistant,  and S1 days after inoculation, the left node was resected 
under ether anesthesia,  emulsified with salt solution, and injected into the right 
testicle of two normal rabbits.  At this time, there were no generalized syphilitic 
lesions and no spirochetes were seen in the lymph gland emulsion by dark-field 
examination.  One of the subinoculated rabbits died from accidental causes, but 
in  the  surviving animal,  a  syphilitic  orchifis,  in which  spirochetes  were  easily 
demonstrated, developed, with an incubation period of 43 days. 
Rabbit B.--Bilateral scrotal inoculation.  At the time of operation, 14½ months 
later, there were active skin granulomata on the outer side of the right hind foot, 
left ankle, and nose, and extensive residual ocular changes, not, however, active 
at  this  time.  Both  popliteals  were  extremely  large  and  rather  resistant  with 50  LYMPHOID  TISSUES  IN  EXPEI~/M'~,NTAL  SYPHILIS 
some fluctuation.  The  right  node  was  aspirated  with  a  syringe  and  2  cc.  of 
opalescent fluid flowed into the syringe without suction.  No motile spirochetes 
were seen by dark-field examination of this fluid,  of which  0.5  cc. was  injected 
into  the  testicles  of  two  normal  rabbits.  A  syphilitic  orchitis  subsequently 
developed in both rabbits with incubation periods of 39 and 42 days. 
Rabbit C.mBilateral testicular inoculation,  with  the popliteal lymph node of 
Rabbit B.  At the time of operation, 3 months later, there was a nodular orchitis 
of 46 days duration and a keratitis in the right eye.  Right popliteal lymph node 
slightly  enlarged  and  indurated.  Left  popliteal  lymph  node,  however,  which 
had been enlarged and indurated for some weeks, was resected under ether anes- 
thesia, emulsified with salt solution,  and 0.5 cc. was injected into the testicles of 
two  normal  rabbits.  No  spirochetes were  seen  in  the  emulsion by dark-field 
examination.  An  orchitis,  however,  was  detected  in  the  first  subinoculated 
rabbit in 22 days, with subsequent demonstration of spirochetes,  and progressed 
in an active manner.  The second  subinoculated animal was discarded because 
of a subcutaneous abscess. 
Rabbit D.--Bilateral scrotal inoculation.  At the time of operation, 16  months 
later,  there were cutaneous,  subcutaneous,  and peHosteal nodules of the  lower 
portion of the nose and a large cutaneous granuloma of the left ankle.  A right 
axiUary lymph node and one in the upper left flank had been enlarged and in- 
durated for some months.  Enlarged cervical lymph nodes consisting  of several 
firm, fairly elastic nodules in the deeper tissues of the neck and one large node 
under the right maxilla near the midline had also been observed for a considerable 
period  of  time.  The large submental node was  aspirated with  a  syringe and 
0.4  cc. of an opalescent fluid  was withdrawn.  No spirochetes could be demon- 
strated by dark-field examination.  The fluid was injected into the right testicle 
of a normal rabbit, and a nodular syphilitic orchitis subsequently developed with 
an incubation period of 51 days. 
These  experiments  demonstrate  that  during  the  course  of  the 
syphilitic infection of rabbits produced by local inoculation of testicle 
or scrotum, superficial lymph nodes are infected with Treponema palli- 
dum.  In Rabbit A, there were no generalized lesions, and in Rabbit 
C, although there was a keratitis, there were no lesions about the hind 
feet and legs at the time the popliteal node was excised,  so that the 
presence of Treponema pallidum in these nodes cannot be ascribed to 
a  drainage infection.  In the  case of Rabbit B, however,  there were 
active syphilitic lesions  of the lower extremities and  about the  nose, 
so  that  the  factor of  drainage  must  be included  in  the  infection  of 
the  regional  lymph  nodes  in  this  instance.  Clinically,  this  added 
factor is usually expressed by the larger size and the tenseness of the LOUISE  PEARCE  AND  WADE  H.  BROWN  51 
lymph nodes rather than by induration.  In Rabbit B,  an  axillary 
and an upper flank node were also enlarged and indurated, a  condi- 
tion  which  was  undoubtedly due  to  the  presence  of  Treponerna 
pallidum. 
Duration of Lymph Node Infection. 
The presence or absence of spirochetes in lymph glands during the 
various phases  of syphilitic infection in the rabbit  is  of particular 
interest  and importance and  especially during the  so  called latent 
period in which no syphilitic lesions canbe found.  As we have pointed 
out in  a  previous paper  (4),  spontaneous recovery in the rabbit is 
frequently only temporary, and lesions of some kind may recur after 
the lapse of a few months and occasionally of more than a year.  Such 
intervals  are  examples of true latency in  which the rabbit  is  still 
infected,  as  evidenced by  subsequent syphilitic lesions, but during 
which the animal organism is able, for the time being, both to restrain 
the progressive development of spirochetes and to protect itself from 
their  harmful effects.  During this latent period, there is  but  one 
condition to indicate that infection may still exist,  and that is the 
presence of some degree of abnormality of the superficial lymph nodes, 
especially  the  popliteals.  The  changes  noted  in  cases  of  latent 
infection vary from a shotty induration of small nodes to a moderate 
enlargement with some degree of induration.  The method of animal 
inoculation was used to ascertain whether spirochetes were present in 
the lymph nodes of rabbits in which the infection was latent. 
The  eight  rabbits  used  for  this  series  of  experiments had  been 
locally inoculated 7  months to 4¼ years previously as is  shown in 
Table VI.  All had had characteristic local lesions, and the first six 
animals in the table had shown well marked generalized lesions.  The 
eighth animal was a female whose inoculation on the vulva resulted 
in a typical chancre, but no succeeding generalized manifestations had 
developed.  At the time of operation, six rabbits showed no lesions 
of any kind, while two showed slight lesions of an indifferent character 
in which no spirochetes could be demonstrated by dark-field examina- 
tion, and it was subsequently shown that one of these was not syphi- 
litic (5).  The latent periods of infection in these animals varied from 
3 to 25 months.  All eight rabbits, however, showed a popliteal ade- 
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fibrous to moderately enlarged and indurated glands which showed 
some degree of medullary swelling.  The popliteal nodes were resected 
under ether anesthesia, emulsified with salt solution, and 0.5 cc. of 
the emulsion was injected into the right testicle of two normal animals. 
The results of these experiments demonstrate the constant presence 
of Treponema pallidum in the popliteal nodes of rabbits during latent 
periods of a syphilitic infection.  Moreover, the rapidity with which 
an orchitis developed in the subinoculated rabbits,  with incubation 
periods of 31  to 44 days, is particularly striking.  In  both  of these 
respects,  the  results  practically coincide with  those obtained  from 
the inoculation of lymph gland emulsions from cases of acute or active 
syphilis, as shown in the preceding sections of this paper.  The dura- 
tion of infection or of the period of latency in the group of animals 
reported is not unusual, except in Rabbits A, G, and H.  The infec- 
tion in these animals had at all times been mild; only a  few lesions 
developed and these were comparatively slight.  Nevertheless, viru- 
lent organisms remained alive in Rabbits A and G for approximately 
43 and 3 years.  Rabbit A is by far the longest case of animal infection 
on record and indicates very conclusively that the apparent recovery 
which takes place in these animals is only a symptomatic one. 
The  subsequent history of the  eight  rabbits  extends over many 
months.  Five  animals  have  shown  no  change  whatever  in  their 
condition.  In Rabbit D, a  slight infi trafion about the right nostril 
extended to the left and eventually presented the typical appearance 
of syphilitic lesions in  this locality,  while in Rabbit  E,  a  keratitis 
developed later.  In the case of Rabbit A, the lesion in the scrotum 
proved to  be  a  malignant growth from which extensive metastases 
occurred to the fight and left inguinal and left flank lymph nodes, 
lungs, liver, spleen, kidneys, and bone marrow, leading eventually to 
marked emaciation, asthenia, loss of sphincter control, and the develop- 
ment of trophic ulcers about the anus, so that the a~mal was killed. 
It would seem, therefore, from the striking results of these experi- 
ments,  that  for  long periods of time,  Treponema pallidum may be 
present in  the lymph nodes of rabbits  which have recovered from 
clinical manifestations of the disease even though no further mani- 
festations of the infection occur, and further that the reservoir of the 
organisms during latent  periods of syphilitic infection is  lymphoid 
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The Use of Lymph Node Reservoirs as a Means of Demonstrating 
Infection. 
The data obtained from the various series of experiments described 
in  this  paper  indicate  the  fundamental r61e played by lymphatic 
tissue in syphilitic infection of the rabbit.  We know that dissemina- 
tion of spirochetes from a  local focus of inoculation in the scrotum 
to the inguinal lymph nodes occurs extremely rapidly and that during 
the course of an infection Treponema paUidum may be recovered from 
other superficial lymph nodes as well.  This may be accomplished not 
only during active phases of the infection but in the so  called latent 
period in which no manifestations of the disease are found except 
abnormal popliteal lymph nodes which contain treponemata of sur- 
prising infectivity. 
Up to the present time, there h~s been no means at one's disposal 
to ascertain whether or not infection still persists in a rabbit if no local 
recurrence or generalized lesions  develop, except to hold the animal 
for a  prolonged period of time for such manifestations to  appear. 
This has been the method employed in judging the  results of the 
treatment of the experimental infection, but the use of lymph node 
inoculations offers an illuminating as well as a time-saving procedure 
for determining the ultimate or curative effect of a therapeutic agent, 
as illustrated by the following experiment. 
Among a  group  of rabbits  treated with  arsphenamine and  neo- 
arsphenamine, there were five which showed no clinical recurrence 
during a period of 3 months observation.  These animals had been 
inoculated in  both  testicles with  the  Nichols  strain  of  Treponema 
pallidum;  two rabbits were given single doses of 6 rag. per kilo of 
arsphenamine  (German salvarsan Lot  A  25819) and  three rabbits 
9  rag.  per kilo  of neoarsphenamine (German neosalvarsan, Lot A 
25884).  The drugs were administered intravenously in a 0.2 per cent 
solution; the arsphenamine was neutralized by the theoretical amount 
of N sodium hydroxide  to form the disodium salt.  The doses employed 
have been shown to produce definite therapeutic effects in the average 
animal, consisting of a regression of lesions  approximating complete 
resolution with freedom from recurrence for 4 to 6 weeks followed by 
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The immediate therapeutic  effects consisted  in  the  regression  and 
resolution  of the  testicular lesions,  which  proceeded somewhat more 
rapidly  in  those  animals  treated  with  neoarsphenamine,  so  that  by 
TABLE VI. 
Demonstration of Treponema pallidum in the Popliteal Lymph Nodes during Latent 
Periods of Infection. 
No. of rabbit  Incubation 
Duration of  Length of latent  inoculated with  Result of  period 
Source rabbit,  infection,  period,  popliteal lymph  inoculation. 
node emulsion,  of orchitis. 
A* 
B 
C 
D* 
E 
F 
G 
H 
mo$. 
51 
35 
10 
6 
25 
9 
10 
11 
12 
13 
14 
15 
16 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Dead. 
÷ 
+ 
+ 
÷ 
+ 
+ 
days 
38 
43 
42 
44 
37 
39 
34 
31 
37 
31 
31 
35 
35 
34 
34 
* These  two  animals showed  suggestive lesions  at  the  time of examination. 
They subsequently increased but no spirochetes could be demonstrated in them 
by dark-field examination.  The lesion  in the case of Rabbit A proved to be a 
malignant  growth. 
+  indicates infection. 
the  end  of the  2nd  week,  the  testicles were normal except for small 
residual areas of thickening or infiltration in four animals, which con- 
tinued  unchanged  during  the 3 months  observation period  following 
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Aspiration of the testicles for dark-field examination was not done 
because of the possible regressive effect of such a trauma.  In addition 
no generalized  manifestations  of a  specific character  had  developed. 
The only suggestive evidence of the existence of a still active infection 
3 months  after treatment  was an enlargement  and induration  of the 
popliteal lymph nodes which were present in all five rabbits.  In order 
to determine definitely the  presence or absence of infection,  the  left 
TABLE  VII. 
Demonstration of Treponema pallidum  in  the  Popliteal Lymph  Nodes 3  Months 
after Treatment with Arsphenamine and Neoarsphenamine. 
Souro~ 
rabbit.* 
A 
B 
C 
D 
Interval 
between 
inoculation 
and 
treatment. 
days 
18 
18 
18 
18 
18 
Treatment;  amount per kilo. 
6.0 nag. of arsphenamine. 
6.0  "  " 
9.0 rag. of neoarsphenamlne. 
9.0  "  "  " 
9.0  "  "  " 
Amount of  No.of  rabbit 
popliteal  inoculated 
lymph  with popli- 
node  emul- teal  lymph 
sion  in-  node 
jected,  emulsion. 
0.3  1 
0.3  2 
0.3  3 
0.3  4 
0.4  5 
0.4  6 
0.2  7 
0.2  8 
0.4  9 
0.4  10 
Result of 
inocula- 
tion. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Incubation 
period of 
orchitis. 
days 
37 
45 
34 
34 
34 
34 
29 
31 
29 
31 
* AI  five rabbits presented a progressive nodular orchitis which was approxi- 
matel r at the height of its acute phase or cycle at the time of treatment. 
4- indicates infection. 
popliteal node was excised for inoculation  into  test animals.  Upon 
removal,  the  nodes  showed  a  slight  degree  of  enlargement,  slight 
fibrosis of the surrounding tissue, and slight thickening of the capsule; 
they were translucent  and  firm  with  prominent  lobulation.  A  salt 
solution emulsion of each node was prepared  and from 0.2 to 0.4 cc. 
was injected into the right testicle of two normal rabbits as shown in 
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The  noteworthy features  of  this  series  of  experiments are  first, 
the constancy with which positive results were obtained in each tes- 
ticular subinoculation, showing that Treponema  pallidum was present 
in the popliteal lymph nodes of each rabbit,  and second, the infec- 
tivity of the treponemata a~ shown by the rapidity with which the 
orchitis developed.  In eight instances, a testicular lesion was recog- 
nized in 29 to 34 days with an average incubation period of 32 days, 
while in two rabbits, the or~hitis developed somewhat more slowly-- 
37 and 45 days.  These results are strikingly similar to those obtained 
from  test inoculations of popliteal lymph nodes of latent  cases  of 
syphilitic orchitis and are in close approximation to those observed 
from the inoculation of inguinal lymph nodes of cases with  active 
scrotal lesions. 
It might be  briefly  stated  that  the  three  rabbits  treated  with 
neoarsphenamine and  one  of the  two  treated  with  arsphenamine 
subsequently showed an outspoken clinical relapse but that no char- 
acteristic lesions developed in the other during a 4 months period of 
observation following treatment. 
The possibility of the  recovery of spirochetes from lymph node 
reservoirs is  further emphasized by  the  results  obtained from  the 
continued passage  of  Treponema palh'dum from lymph node to tes- 
ticle.  For about  18 months we have carried the Nichols strain  of 
Treponema pallidum in eight serial inoculations of inguinal or pop- 
liteal lymph nodes to testicles of normal rabbits, thus demonstrating 
the  ability to  recover  spirochetes  from  lymphatic  tissue  through 
successive  generations.  With  such a  procedure, the orchitis  tends 
toward a  more  prolonged or chronic type with  a  distinctly longer 
incubation period  which  averaged  from  4  to 6  weeks.  Not infre- 
quently, the reaction consisted in a primary atrophy of the  testicle 
rather than an enlarged granulomatous change.  That such a condi- 
tion is one type of primary response toward Treponema pallidum is 
shown  by  dark-field  demonstration  of spirochetes.  Moreover, in 
doubtful  cases  when  no  lesions of the  testicle can be detected by 
palpation,  infection may  be  recognized by  an adenopathy  of  the 
superficial  lymph nodes. 
Finally in this connection, reference should be made to the use of 
lymph node reservoirs for preserving stock strains of Treponema palli- 
dum when not in active-use, thus obviating the necessity of frequent 
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DISCUSSIOI~. 
The studies reported in the present paper were undertaken for the 
purpose of ascertaining the relation of Treponema  pallidum to lymphoid 
tissues in syphilis of the rabbit produced by local inoculation.  The 
problem was approached bya series of experiments designed to show the 
frequency, time, and extent of lymphatic dissemination of spirochetes 
from a primary focus of infection in the scrotum or testicle, and the 
method  employed  consisted  of  the  demonstration  of  Treponema 
palIhlum in the lymph nodes of infected rabbits by animal inocula- 
tion. 
The first series of experiments was carried out with emulsions of 
satellite nodes from rabbits which had been inoculated in the scrotum 
2  to 61  days previously.  Nodes from twenty-six animals produced 
a syphilitic orchitis when injected into the testicles of normal rabbits, 
and spirochetes were found in three others, thus demonstrating that 
a dissemination of organisms from a primary focus of inoculation con- 
stantly occurs by way of the lymphatic system.  In  only  one  out 
of  forty-six  rabbits  inoculated  did  a  progressive  orchitis  fat  to 
develop, and in this instance, the orchitis was of the atrophic type. 
In contrast to the high infectivity of the node emulsions is the small 
number of spirochetes that must have been present in the nodes, since 
organisms were demonstrated by dark-field examination in only three 
out of twenty-nine emulsions. 
The lymph node emulsions contained little or no microscopic blood, 
and, in addition, parallel experiments have shown that inoculations 
of as much as 0.5  cc. of blood rarely produce an  infection with  an 
incubation period of 5 weeks. 
The second point of importance emphasized by the results of these 
experiments is in regard to the time of dissemination of the spirochetes 
from the local focus of inoculation in the scrotum.  At the time this 
work was done, the inguinal lymph nodes showed definite changes, 
consisting of an enlargement and tenseness or resistance within 4 or 5 
days after scrotal inoculation and ultimately progressed to a  condi- 
tion of marked enlargement and  induration.  With  the  knowledge 
that  has  been gained  of  the  constant  dissemination of spirochetes 
from the scrotum, at least as far as the satellite nodes are concerned, 
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signified the presence of spirochetes.  That this assumption is justi- 
fied, has been borne out by the consistently positive results  of  the 
series  of rabbits  in  which the inguinal nodes were removed 5  and 
7  days  after  scrotal inoculation.  The  striking  feature  in  regard 
to the time of dissemination, however, is revealed by  the constant 
infectivity of the  inguinal  lymph  nodes only 2  days  after  scrotal 
inoculation, at a  time when no  gross  abnormalities were detected, 
and,  in  addition,  when  no  syphilitic  reaction  about  the  chancre 
implant  could  be  recognized.  Moreover,  it  seems  justifiable  to 
assume from  the  evidence  at  our  disposal  that  enlargement and 
tenseness of the inguinal lymph node occurring at present as early 
as 24  hours after scrotal  or sheath inoculation are due to  the pres- 
ence of Treponema pallidum. 
The character or degree of the infection present in the nodes as 
indicated by the type of orchitis produced by the inoculation of the 
node emulsions is of considerable interest.  There were 57  inocula- 
tions  made,  four  of  which  are  omitted from  the  present  analysis 
(accidental death, etc.).  The average incubation period of the orchi- 
tis which occurred in the remaining 53  animals determined by the 
development of palpable lesions was 31 days; in twenty-five animals, 
it was 29 days or less, and the longest incubation period was 41 days 
(two animals).  Examination of testicular fluid would doubtless have 
shown the presence of an infection much earlier, but was not carried 
out on account  of the  traumatism which may obscure subsequent 
changes. 
It has further been shown that within 48 hours after scrotal inocu- 
lation spirochetes have become disseminated and sufficiently estab- 
lished in the animal body to maintain an active progressive infection 
in the event of the removal of the scrotum with the implant and 
testicle.  Syphilitic lesions of the remaining testicle and epididymis 
developed in each of the ten rabbits comprising  the series in from 40 
to 46 days after operation, and, in addition, well marked generalized 
lesions in  each  animal were  a  striking feature  of  the  experiment. 
These results are not to be interpreted as implying that the inguinal 
lymph nodes constitute the only focus of infection under the condi- 
tions of the experiment, but since it has been shown that spirochetes 
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inoculation, it may be assumed that they serve as one such focus.  In 
any event, this experiment demonstrates that the infection itself is 
so established within 2 days after scrotal inoculation that it is inde- 
pendent of the primary lesion as a source of spirochetes. 
The general tendency of Treponema pallidum to localize in lym- 
phatic tissue is also shown by the recovery of organisms from other 
nodes, such as the popliteal and submental.  It further appears that 
such localization is not dependent upon an active lesion in the drainage 
area of the node but that a widespread dissemination of spirochetes 
from the local focus of infection occurs by way of the lymphatics. 
Thus,  enlargement and induration of various  lymph glands which 
may occur during the course of a  syphilitic infection are significant 
of the presence of Treponema paUidum, and since a popliteal adenitis 
is a constant feature of syphilis in the rabbit, this condition may be 
considered as pathognomonlc of infection. 
The persistence of active spirochetes in the animal body for long 
periods of time without manifestations other than some abnormality 
of the popliteal nodes is a fundamental concept of syphilitic infection 
in the rabbit.  We have shown that in cases of true latency of from 
3  to 25  months duration,  spirochetes may be  recovered from  the 
popliteal nodes by animal inoculation.  The noteworthy features of 
this series of experiments were the constancy with which the nodes 
were shown to harbor active treponemata and the rapidity with which 
the resulting orchitis developed, the incubation period varying from 
31 to 44 days.  These results, moreover, are practically the same as 
those obtained by the testicular inoculation of inguinal lymph nodes 
from early or active cases of infection. 
It would appear, therefore, that although the rabbit possesses some 
type  of  mechanism  during  latent  periods  of  the  infection  which 
operates to protect the animal from the harmful toxic effects of the 
organisms and  prevents  the  development of manifestations of  the 
disease, the organisms themselves are not destroyed but are existent 
in lymphatic tissue in an active state.  Whether other tissues may 
serve as similar foci for the maintenance of active treponemata for 
long periods of time is not known, but the well known affinity exhibited 
by Treponema  pallidum for lymphatic tissue, together with the clinical 
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point toward this tissue and especially its larger aggregations--the 
lymphatic nodes--as the principal reservoirs of the virus. 
A close similarity existed between the orchitis produced by lymph 
node inoculation and that caused by an emulsion of either an infected 
testicle or a skin nodule such as is frequently employed in propagating 
Treponema paUidum.  The incubation period of the orchitis produced 
by inoculation of a node emulsion was about 7 to 10 days longer, but 
once the process had reached the stage when it could be diagnosed by 
palpation, its further development  proceeded in much the same manner 
and at about the same speed.  This is the more remarkable when the 
spirochete content of the  two inoculating emulsions is  considered, 
spirochetes being numerous in emulsions prepared from a  testicular 
or skin nodule, while it is unusual to see a single organism in those from 
a lymph node.  Thus we are forced to the conclusion by the results 
of these experiments that actual numbers of spirochetes may play a 
very small r61e as a causative factor in producing an active progressive 
syphilitic orchitis and that the state of vitality or degree of infectivity 
of the spirochetes is of much greater importance. 
The ability to recover spirochetes from lymphatic tissue is further 
emphasized by the results of the serial passage of lymph node emul- 
sion to  testicle.  During the last 18 months, there have been eight 
transfers of this type, and in every instance it has been possible to 
produce  a  syphilitic orchitis by  the  inoculation of  a  lymph node 
emulsion, the infection of which had in turn resulted from a testicular 
injection of a  lymph node emulsion. 
The facts derived from this group of experiments may be profitably 
utilized in many ways.  We have suggested a  simple method based 
upon the duration of lymph node infection for  the preservation of 
stock strains of Treponema paUidum, which is both  economical and 
time-saving, and, in addition, is especially effective in guarding against 
loss of the strain. 
A  further utilization of the facts derived from these experiments 
lies in the demonstration of infection in rabbits which show no mani- 
festations of disease as a  result of the administration of therapeutic 
agents.  The methods commonly employed in judging the results of 
therapy have consisted in observations on the effect of the agent upon 
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the local lesion during observation periods of from 1 to  3  months. 
In our experience, however, we have seen many instances of a relapse 
in regions remote from the original lesion with no local recurrence, 
and, in addition, we know that either a local or a generalized relapse 
may occur considerably longer after treatment than 3 months.  Such 
rabbits may show a characteristic popliteal adenitis, or there may be 
no distinctive adenitis, but with the knowledge which has been gained 
of the persistence of Treponema pallidum in lymph node structures, 
it is possible to demonstrate the presence of spirochetes by animal 
inoculation without waiting for a clinical relapse.  This was done in 
the case of five rabbits treated with arsphenarnine and neoarsphena- 
mine which had shown no local or general manifestations of disease 
during the 3  months observation period following treatment.  The 
popliteal nodes excised from these rabbits were inoculated into the 
testicles of normal rabbits with the production of a syphilitic orchitis 
in all instances.  Subsequently four of the five rabbits showed typical 
local recurrences. 
SUMM  kRY. 
A  widespread dissemination of Treponema pallidum from a  local 
focus of inoculation in the rabbit  constantly occurs by way of the 
lymphatics.  Spirochetes were regularly recovered from the satellite 
lymph nodes by  animal inoculation after  scrotal inoculation; they 
were present as early as 2 days, when no specific primary reaction was 
detected, and at later periods of from 5 to 61 days after inoculation. 
Other superficial nodes at remote sites such as the popliteals and with 
no syphilitic lesions in the drainage area have also been  shown  to 
harbor active organisms.  Although spirochetes were found in rela- 
tively few of the lymph node emulsions, the orchitis resulting from 
their injection was of a  rapidly progressive type with an incubation 
period but slightly longer than that produced by a testicular or skin 
nodule emulsion rich in spirochetes. 
It has further been shown that a  syphilitic infection is sufficiently 
established in the rabbit body within 48 hours after scrotal inoculation 
so that the primary lesion is no longer essential for its maintenance. 
Active treponemata survive in the popliteal lymph nodes for long 
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of true latency.  The lymph nodes, therefore, function as reservoirs 
of the organisms.  The ability to recover the spirochetes from lym- 
phoid tissue through successive generations is seen in the serial passage 
of lymph node emulsion to testicle during an 18 months period. 
The persistence  of  spirochetes in lymphoid tissue  irrespective  of 
the presence or  absence of syphilitic lesions is a  characteristic  and 
fundamental feature of syphilis of the rabbit.  The existence of infec- 
tion,  therefore, may be demonstrated  at  any  time by the  recovery 
of spirochetes from the popliteal lymph nodes by animal inoculation. 
This fact is of great practical importance in the therapy of the infection 
and may be profitably utilized in determining the ultimate effect of 
a  therapeutic agent. 
These experiments demonstrate that  the disease is not confined to 
the site of local inoculation but that lymphogenous dissemination of 
treponemata regularly takes place, and that during the course of this 
process  organisms  become  localized  in  the  lymph  nodes  and  exist 
there indefinitely irrespective of the occurrence of manifestations of 
disease.  The intimate relation of  Treponema pallidum  to lymphoid 
tissue is an essential concept of syphilis of the rabbit,  and from  this 
point of view, the infection is primarily one of lymphoid tissue. 
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